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pane with at least 4.5 times by equivalent as much hydro- 
gen in the presence of a noble metal catalyst, particularly 
a palladium catalyst in vapor phase. The 1,1 ,1 ,3,3-pen- 
tafluoropropane is also produced by chlorofluorinating 
propane, propene, hexachloropropene, etc., in the pres- 
ence of a metallic catalyst into 2,2,3-trichloro-1 ,1,1 ,3,3- 
pentafluoropropane and reducing the product with 
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opropane and 1,1,1,3,3-pentafluoropropane efficiently 
and economically. 



00 

o 

CM 
CO 

I s - 

O 

CL 
LU 



BEST AVAILABLE COPY 



Primed by Rank Xerox (UK) Business Services 
2.9.13/3.4 



3NSDOCID: <EP 070320BA1_I_> 



EP 0 703 208 A1 

Description 

Industrial use 

5 This invention pertains to the process of manufacturing 1,1,1,3,3-pentafluoropropane (HFC245fa), a useful com- 

pound which may become a substitute compound for CFC and HCFC used as refrigerant, blowing agent and cleaner, 
in more detail to the process of manufacturing 1,1,1,3,3-pentafluoropropane with 2,2,3-trichloro-1, 1,1 ,3,3-pentafluoro- 
propane (CFC21 5aa) as an intermediate, to the process of manufacturing 2,2,3-trichloro-1 ,1,1 ,3,3-pentaf luoropropane 
(CFC2 1 5aa), an intermediate of HFC245fa p and to the process of manufacturing 2,3,3-trichloro-1 ,1,1 -trif luoropropene, 

10 an intermediate of CFC215aa. 

Prior art 

1,1,1 ,3,3-pentaf luoropropane (HFC245fa) is a useful compound as a substitute for freon used as a blowing agent, 
refrigerant, cleaner, etc. 

As the process of manufacturing 1,1,1,3,3-pentafluoropropane (HFC245fa), a method is known under which 2,2,3- 
trichloro- 1,1,1 ,3,3-pentaf luoropropane (CFC2 1 5aa) is used as a raw material, which is reduced with a palladium catalyst 
supported on activated carbon using 3 to 4 equivalent parts of hydrogen to the raw material (U.S. Patent No.2942036). 

Manufacturing HFC245fa using CFC215aa involves two broad categories of problems. The first problem is how 
efficiently and economically CFC21 5aa is manufactured, and the second problem is how efficiently CFC21 5aa is reduced 
to obtain HFC245fa. 

Regarding the first problem, it is important to select a low-priced starting material and to efficiently convert it into 
CFC215aa. There have been several reports on techniques of using low-price available compound with carbon number 
of 3 as a starting material, then chlorine-fluorinating it to obtain CF 3 CFC1 CF 3 . 

Japanese Patent Opening No. 145033/92 discloses a process of manufacturing CF3 CFC1CF3 in which propane 
and propylene, etc. are chlorofluorinated to generate a perhalogenated C3 chlorofluoro compound, and this compound 
is fluorinated. 

Japanese Patent Opening No. 1 17335/92 discloses a process in which propane and propylene, etc. are chlorine-fluor- 
inated to generate CF 3 CC1 =CC1 2 , and this compound is further chlorine-f luorinated to form CF 3 CFC1 CF 3 . Japanese 
Patent Opening No. 108746/92 discloses a process in which hexachloropropene is chlorofluorinated to generate a per- 
halogenated C 3 chlorofluoro compound and this compound is fluorinated to form CF 3 CFC1 CF 3 . 

However, these processes are designed to obtain CF 3 CFC1CF 3 (a C 3 compound with 7 fluorine atoms and 1 
chlorine atom), and the application of these processes to the manufacture of CF 3 CC1 2 CF 2 C1 {a C 3 compound with 
5 fluorine atoms and 3 chlorine atoms) (CFC215aa) produces a large amount of by-product which are too fluorinated, 
thus not only producing a low yield rate, but also making it impossible to reuse the by-product as a raw material for 
manufacturing CFC21 5aa. A method of synthesizing the conditions suitable for the manufacture of CFC215aa therefore 
needs to be developed. 

Regarding the second problem, that is, the reduction of CFC215aa, the above U.S. patented process provides only 
a maximum 60% yield rate to HFC245fa, the subject-matter, and also produces a large amount of 1 .1 ,3 ,3,3-pentaf luor- 
opropene, which is not suitable for industry Consequently, an efficient process of reducing CFC215aa into HFC245fa 
needs to be developed. 

Object of invention 

The object of this invention is to provide a process to efficiently and economically manufacture 1 . 1 ,1 ,3,3-pentaf luor- 
opropane, especially a process of manufacturing 1 ,1 ,1 ,3,3-pentaf luoropropane at a high yield rate in the reductive reac- 
tion of 2,2,3-trichloro-1,1,1,3,3-pentaf luoropropane. 

The other object of this invention is to provide a process to efficiently and economically manufacture 2,2,3-trichloro- 
1.1,1 ,3,3-pentaf luoropropane and 2,3,3-trichloro-1 , 1 ,1 -trif luoropropene as intermediates in the manufacture of 1 , 1 ,1 ,3,3- 
50 pentafluoropropane. 

Constitution of invention 

This inventors have investigated in detail the process of manufacturing 1,1,1,3,3-pentafluoropropane, and have 
55 discovered that the reduction of 2,2,3-trichloro-1 ,1,1 ,3.3-pentafluoropropane, when used as a raw material as in the past 
at not more than 4 equivalent parts of hydrogen by the vapor phase method in the presence of a noble metal catalyst, 
especially a palladium catalyst, provides the subject-matter at a low yield rate, while reduction using not less than 4.5 
equivalent parts of hydrogen provides the subject-matter at a high yield and selection rates, thus leading to completion 
of the present invention. 
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(2) Then, a process in which this 2,2,3-trichloro-1 ,1 ,1 ,3,3-pentafluoropropane is allowed J^^^X'S 
45 equivalent parts of hydrogen to 2.2.3-trichloro-1,1.1.3.3-pentafluoropropane to be ^rogen^educed by the 
vapon phase method in the presence of a noble metal catalyst, obtaining 1.1.1 ,3.3-pentaf luoropropane. 

This invention also provides a process of manufacturing 1.1.1 ,3.3-pentafluoropropane including processes (1 ) and 
(2) as follows: 

(1 ) A process in which at least one compound selected from a group composed ol ^<*^^%*^ 
ha ogenated an acyclic hydrocarbon with a carbon number of 3 is allowed to react w^rogen fluorrie (H£ and 
chlorine in the presence of chromium and/or iron catalyses) by the vapor phase method to obtam 2.2.3-tnchloro 

4 5 equivalent parts of hydrogen to s.E.S-trich.oro-I.I.I.S.S-pentafluoropropane ,n tbe presence of a noble metal 
catalyst by the vapor phase method to be hydrogen-reduced, obtaining 1.1.1 ,3.3-pentafluoro P ropane. 

This invention also provides a process of manufacturing 1.1. 1.3. 3 -pentaf luoropropane including processes (1). (2) 
and (3) as follows: 

(1) A process in which at least one compound selected from a group composed of propane P^ne and partially 
halogenatedacyclichydrocarbon with carbon number of 3 is allowed to react wrth hyd^ 

to Z presence of atleast one metal catalyst selected from a group composed of aluminum, copper, cobalt, zinc 
and manganese by the vapor phase method to obtain 2.3.3-trichloro-1 .1 ,1-trifluoropropene. 

(2) tZ rpfocess in wNch *is 2.3.3-trich.oro-1.1.1-trifluoropropene is allowed to react wrth ^ = f luonde 
HF) and chlorine in the presence of at least one metal catalyst selected from a group composed of chromum iron 

cobalt ^int copper and manganese by the vapor phase method, or in the presence of an antimony catalyst by the 
liquid phase method to obtain 2.2.3-trichloro-1 .1 .1 ,3.3-pentafluoropropane. 

(3) Then, a process in which this 2.2.3-trichloro-1.1.l.3.3-pentafluoropropane .s aHowed to rea ^ t ^ , f h ^ n t ^ 

5 equivalent partsof hydrogen to 2 , 2 .3-trich. W o-1.1.1^ 

enceof noble metal catalyst(s) by the vapor phase method, obtaining 1.1.1 .3. 3-pentaf luoropropane. 

This invention also provides a process of manufacturing 2.^-trichtoro-^1 Ifi ^^^i 
process in which hexachloropropene is allowed to react with hydrogen fluonde (HF) and chlonne ' n J h « ^ e ^ e °J 
chromium and/or aluminum catalyst(s) by the vapor phase method, or in the presence of an anfmony catalyst by the 

' M Th^^ 
esses (1) and (2) as follows: 

(1) A process in which hexachloropropene is allowed to react with hydrogen fluoride (HF) in the presence of an 
aluminum catalyst by the vapor phase method to obtain 2.3.3-trichloro-1 .1 ,1-trifluoropropene 
r 2 )Ten a process in whicVthte 2.3.3-trichloro-1.1.1-trif.uoropropene is allowed to react with hyd = fh o .de 
HF) and chlorine in the presence of at least one metal catalyst selected from a group 

cobalt, zinc, copper and manganese by the vapor phase method, or in the presence of an antmony catalyst by the 
liquid phase method to obtain 2,2.3-trichloro-1.1.1,3.3-pentafluoropropane. 

This invention also provides a process of manufacturing **>™™™^ 2SS2£ 
process in which at least one selected from a group composed of 2,3,3-Inch S 
ch.oro-1.1^ifluoropropene and 1.1.2.3.3-pentachloro-1-fluoropropene .s allowed to react wrth hydrogenf ^ d f^> 
and chlorine in thepresence of at least one metal catalyst selected from a group e"<^*£^ SdSS 
zinc, copper and manganese by the vapor phase method, or in the presence of an antimony catalyst by the liquid phase 
so method to obtain 2,2,3-trichloro-1, 1,1, 3, 3-pentaf luoropropane. 

in which hexachloropropene is allowed to react with hydrogen fluoride (HF) in the presence of an alum.num catalyst by 

*" r^aS^pmctses of manufacturing on the basis of this invention, the following preferable ■ 
55 adotMedin order to obtain CFC215aa as an intermediate in manufacturing 1 .1 .1 ,3.3-pentafluoropropane (HFC245fa) 
£ ma^cturing ^2 Srichloro-I.l .1 .3.3-pentaf.uoropropane (CFC215aa) first, and then hydrogen-reducng the com- 
pound. 
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Method A: Hexachloropropene is used as the starting substance, and this compound is allowed to react with HF 
and chlorine to be chlorofluorinated, obtaining CFC21 5aa directly. 

Method B: Hexachloropropene is used as the starting substance, and this compound is allowed to react with HF to 
be f luorinated, generating 2, 3, 3-trichloro-1,1,1-trifluoropropene, then the compound is allowed to react with HF and 
5 chlorine to be chlorofluorinated, obtaining CFC215aa. 

Method C : At least one selected from a group composed of 2,3,3-trichloro-1 ,1,1 -trrf luoropropene, 1 ,2,3,3-tetrachloro- 
1,1-dif luoropropene, and 1,1, 2, 3,3-pentachIoro-1-f luoropropene is used as the starting substance, and this com- 
pound is chlorofluorinated with HF and chlorine to obtain CFC215aa. 

Method D: Propane, propylene and/or partially halogenated acyclic hydrocarbon with carbon number of 3 is used 
io as the starting substance, and this compound is allowed to react with HF and chlorine to be chlorofluorinated, 
obtaining CFC215aa directly 

Method E: Propane, propylene and/or partially halogenated acyclic hydrocarbon with carbon number of 3 is used 
as the starting substance, and this compound is allowed to react with HF and chlorine to be chlorofluorinated first, 
generating 2,3, 3-trichloro-1 ,1 ,1-trif luoropropene, then the compound is allowed to react with HF and chlorine to be 
75 chlorofluorinated, obtaining CFC215aa. 

In Method A, hexachloropropene is used as the starting substance to be chlorofluorinated with hydrogen fluoride 
and chlorine, either by the vapor phase method or the liquid phase method. 

The catalyst in the vapor phase method includes chromium and/or aluminum. These catalysts can be used in the 
20 form of a salt such as the hydroxide, chloride, nitrate or oxide of the metal. These catalysts can also be used in a condition 
where the above metals are supported on a carrier such as activated carbon. The supporting quantity of metal catalyst 
on the carrier is not particularly restricted, but preferably not be less than 0.1% by weight. The supporting method on 
the carrier in general is such that a metal compound normally in the form of a water soluble salt such as nitrate is 
dissolved in the ion-exchanged water in which the carrier is soaked, and the water content is removed by distillation to 
25 obtain the desired catalyst. 

The catalyst is preferably be treated for fluorination prior to starting the reaction. A preferable f luorination method 
is to bring the catalyst into contact with HF at a temperature not less than that provided for reaction, but an excessively 
high temperature will reduce the activity of the catalyst. The reaction temperature must therefore be set properly and at 
the same time HF must be diluted wfth nitrogen, etc. to control the temperature elevation resulting from the fluorination 
30 reaction. Generally, the fluorination temperature ranges from 200°C to 400°C. An aluminum catalyst particularly with 
alumina as the material, is preferably be f luorinated until the fluorine content reaches around 50% to 80% (A1 F3 stand- 
ards). When used in reaction at higher temperatures, fluorination up to about 90% is suggested. 

In the chlorine fluorination reaction of hexachloropropene, the mol ratio of hexachloropropene to hydrogen fluoride 
is 1 : 1 to 1 : 100. preferably 1 : 5 to 1 : 50, and the mol ratio of hexachloropropene to chlorine is 1 : 1 to 1 : 30, preferably 
35 1 : 1 to 1 : 20. 

The usable vapor phase reaction methods include the fixed bed vapor phase reaction method and the fluidized 
vapor phase reaction method. 

The reaction temperature may be 50°C to 500°C, normally 100°C to 500°C , and preferably 150°C to 400°C. 

Reaction is practicable either atmospheric, reduced, or applied pressure conditions, but reaction under atmospheric 
40 or applied pressure conditions is preferred to reduce equipment complexity. 

The optimum contact time of hexachloropropene with the catalyst, which depends upon other conditions, is 0. 1s to 
100s. 

In the chlorof luorination of hexachloropropene, CF 3 CC1 2 CF 2 C1 is the target compound, but CF 3 CC1 2 CC1 2 F, 
CF3 CC1 = CFC1 , CF3 CC1 = CC1 2. compounds which are insufficiently chlorofluorinated, may also be obtained as by- 

45 products. Further chlorof luorination can convert these compounds into the intended CF3 CC1 2 CF 2 Cl. Consequently, 
these by-products can be reused by returning them to the reaction system. 

In the liquid phase method in Method A, chlorofluorinated antimony may be used as a catalyst, chlorofluorinated 
antimony used in this reaction can be prepared either by reacting antimony pentachloride with hydrogen fluoride to be 
partially fluorinated, or by reacting antimony trifluoride with chlorine. The fluorine content in halogenated antimony 

so depends upon the reaction conditions, irrespective of the preparation method. 

Five-fold mols of HF used in the reaction to hexachloropropene are required theoretically, and reaction is still prac- 
ticable with five-fold mols; however, in order to improve the reaction it is necessary to increase the reaction quantity of 
HF in the range from five-fold to ten-fold mols. However, excess HF must be recovered as an unreacted product, and 
hence the use of HF beyond this range is disadvantageous in terms of cost although the reaction is not affected. 

55 Equivalent mols of chlorine used in the reaction to hexachloropropene are necessary theoretically, and reaction is 
still practicable with equivalent mols; however, in order to improve the reaction, 1 .2 to 3 times as many mols of chlorine 
is desired be used. In the same way as HF, however, excess chlorine must be recovered as an unreacted product, and 
hence the introduction of chlorine beyond this range is disadvantageous in terms of cost although the reaction is not 
affected. 
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analyzed by gas chromatography. The results are shown in Table 2. 



Table 2 



Product 


Yield rate (%) 




Example 4 


Example 5 


CF 3 CC12CF2C1 


40 


40 


CF 3 CC1 2 CFC1 2 


44 


44 


CF 3 CC1=CFC1 






CF 3 CC1=CC1 2 







Note that the by-products CF 3 CC1 2 CFC1 2 , CF 3 CC1 = CFC1, and CF 3 CC1 = CC1 2 are compounds which can 
be reused for manufacturing the target product CFC215aa. 

Example 6 

Synthesis of CFC215aa through chlorofluorination of hexachloropropene by the liquid phase method (1): 

29.9 g (0.1 mol) of SbC15 was placed in a condenser-equipped autoclave of 500 ml made of Hastelloy. The tem- 
perature was then gradually raised to 80°C inside the reactor, in which HF was passed at 0.5 mol/hr for 1 hour. 

With the temperature kept at 80°C, 0.5 mol/hr of hexachloropropene, 3 mol/hr of HF, and 1 .0 mol/hr of chlorine were 
added. During the reaction, the reaction pressure was kept at 1 0 kg/cm2. When 498g (2 mol) of hexachloropropene was 
added, the reaction was stopped. After the reaction was completed, the pressure was gradually reduced and the contents 
were extracted. 

Organic matters which were distilled during the reaction and which remained in the autoclave after the reaction were 
collectively analyzed by gas chromatography. The results are shown in Table 3. 

Example 7 

Synthesis of CFC215aa through chlorofluorination of hexachloropropene by the liquid phase method (2): 

29.9 g (0.1 mol) of SbCl 5 was placed in a condenser-equipped autoclave of 500 ml made of Hastelloy. The tem- 
perature was then gradually raised to 60°C inside the reactor, in which HF was passed at 0.5 mol/hr for 1 hour. 

With the temperature kept at 60°C, 0.5 mol/hr of hexachloropropene, 3 mol/hr of HF, and 1 .0 mol/hr of chlorine were 
added. During the reaction, the reaction pressure was kept at 10 kg/crrR When 498 g (2 mol) of hexachloropropene 
was added, the reaction was stopped. After the reaction was completed, the pressure was gradually reduced, and the 
contents were extracted. 

Organic matters which were distilled during the reaction and which remained in the autoclave after the reaction were 
collectively analyzed by gas chromatography. The results are shown in Table 3. 

Example 8 

Synthesis of CFC215aa through chlorofluorination of hexachloropropene by the liquid phase method (3): 

29.9 g (0.1 mol) of SbCl 5 was placed in a condenser-equipped autoclave of 500 ml made of Hastelloy. The tem- 
perature was then gradually raised to 80°C inside the reactor, through which HF was passed at 0.5 mol/hr for 1 hour. 

With the temperature kept at 80°C , 0.5 mol/hr of hexachloropropene, 3 mol/hr of HF, and 1.5 mol/hr of chlorine 
were added. During the reaction, the reaction pressure was kept at 1 0 kg/cm*. When 249 g (1 mol) of hexachloropropene 
was added, the reaction was stopped. After the reaction was completed, the pressure was gradually reduced, and the 
contents were extracted. 
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Organic matters which were distilled during the reaction and which remained in the autoclave after reaction were 
collectively analyzed by gas chromatography. The results are shown in Table 3. 

Table 3 



Product 


Yield rate (%) 




Example 6 


Example 7 


Example 8 


CF 3 CCI 2 CF 2 CI 


85 


61 


95 


CF3CCIHCF2CI 


11 


14 


4 


CCI 3 CF=CF 2 


4 


25 


1 



15 

Exflmple 9 

Synthesis of 2,3,3-trichloro-1 , 1 , 1-trif luoropropene through fluorination of hexachloropropene by the vapor phase method: 

20 First by the following method, A1 2 0 3 was fluorinated. Into a 20 mm diameter reaction tube made of Hastelloy C, 
1 1 .5 g (16 cc) of A1 2 O3 in pellet form was filled. The tube was heated from room temperature, while passing nitrogen 
and hydrogen fluoride, gradually up to the reaction temperature. When the temperature was reached inside the system, 
the nitrogen was stopped, and when the temperature was stabilized, the chlorofluori nation reaction was started. 

Through the reaction tube filled with 1 1.5 g of A1 2 0 3 which had been fluorinated, 7 cc/min of prevaporized hex- 

25 achloropropene and 95 cc/min of hydrogen fluoride were passed to effect the reaction at 300°C. The produced gas was 
washed with water and the water solution of alkali and then analyzed by gas chromatography. The results are shown in 
Table 4. 



Table 4 



Product 


Yield rate (%) 


CF 3 CCI=CCI 2 


95 


CF 3 CCl2CFCI 2 


3 



35 

Through the fluorination reaction, the by-products CF 3 CC1 2 CFC1 2 can be reused for manufacturing the target 
product CF 3 CC1 2 CF 2 C1 . 

40 Example 10 

Synthesis of CFC21 5aa through chlorofluorination of 2,3.3-trichloro-1 , 1 ,1 -trrf luoropropene by the vapor phase method 

(1) : 

45 Through the reaction tube filled with 20 g of Cr 2 0 3 which was fluorinated in the same manner as in Example 4, 1 1 
cc/min of prevaporized CF 3 CC1 = CC1 2 , 133 cc/min of hydrogen fluoride and 62 cc/min of chlorine were passed to 
effect the reaction at 200°C. The produced gas was washed with water, alkali and the water solution of reducer, and 
then analyzed by gas chromatography. The results are shown in Table 5. 

so Example 1 1 

Synthesis of CFC21 5aa through chlorofluorination of 2,3.3-trichloro-1 . 1 ,1 -trrfluoropropene by the vapor phase method 

(2) : 

55 Through the reaction tube filled with 20g of Cr 2 0 3 which had been fluorinated in the same manner as in Example 
4, 1 1 cc/min of prevaporized CF 3 CC1 = CC1 2 , 133 cc/min of hydrogen fluoride and 62 cc/min of chlorine were passed 
to perform reaction at 250°C. The produced gas was washed with water, alkali and the water solution of the reducer, 
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and then analyzed by gas chromatography. The results are shown in Table 5. 



Table 5 



Product 


Yield rate (%) 




Example 10 


Example 1 1 


CF 3 CCl2CF 2 CI 


30 


88 


CF 3 CCI 2 CFCI 2 

CF 3 CCI=CFCI 

CF3CCUCCI2 


65 


2 



15 Note that the by-products CF 3 CC1 2 CFC1 2 . CF 3 CC1 = CFC1 , and CF 3 CC1 = CC1 2 can be reused for manufac- 

turing the target product CF 3 CC1 2 CF 2 CI . 

Example 12 

20 Synthesis of CFC215aa through chlorofluori nation of 2,3,3-tfichloro-1 ,1,1-trifluoropropene by the liquid phase method: 

29.9 g (0.1 mol) of SbCl 5 was placed in a condenser-equipped autoclave of 500 ml made of Hastelloy. The tem- 
perature was then gradually raised to 80°C inside the reactor, in which HF was passed at 0.5 mol/hr for 1 hour. 

With the temperature kept at 80°C. 0.5 mol/hr of 2,3,3-trichloro-1 ,1 ,1 -trif luoropropene, 3 mol/hr of HF, and 1 .5 mol/hr 
25 of chlorine were added. During the reaction, the reaction pressure was kept at 10 kg/crrv*. 

- When 200 g (1 mol) of 2,3,3-trichloro-1 ,1 ,1-trif luoropropene was added, the reaction was stopped. After the reaction 
was completed, the pressure was gradually reduced and the contents were extracted. 

Organic matters which were distilled during the reaction and which remained in the autoclave after the reaction were 
collectively analyzed by gas chromatography. The results are shown in Table 6. 

30 

Table 6 



Product 


Yield rate (%) 


CF 3 CCI 2 CF2CI 


93 


CF 3 CCIHCF 2 CI 
CCICF=CF 2 


6 
1 



40 

Example 13 

Synthesis of CFC215aa through chlorofluorination of propane by the vapor phase method (1): 

45 First by the following method, Cr 2 C1 3 was carried on active carbon. 1.8 g of CrC1 3 • 6H 2 O was dissolved in 12 cc 

of ion-exchanged water, to which 6 g (14 cc) of active carbon was added. After allowing to stand overnight at room 
temperature, the water content was removed by an evaporator and it was then allowed to dry another night at 120°C. 

Then, active carbon carrying CrC1 3 was fluorinated. The catalyst thus obtained was filled into a 20 mm diameter 
reaction tube made of Hastelloy C. The tube was then heated from room temperature in an electric furnace, while passing 

so nitrogen and hydrogen fluoride, gradually up to the reaction temperature ( 350°C ). When the temperature was reached 
inside the system, the nitrogen was stopped, and when the temperature was stabilized, the chlorofluorination reaction 
was started. 

Through the reaction tube filled with 6 g of active carbon carrying CrC1 3 which had been fluorinated. 6 cc/min of 
propane, 96 cc/min of hydrogen fluoride and 66 cc/min of chlorine were passed to effect the reaction at 350°C. The 
55 produced gas was washed with water, alkali, and the water solution of reducer, and then analyzed by gas chromatography. 
The results are shown in Table 7. 



12 



BNSDOCID: <EP 0703208A1_L> 



EP 0 703 208 A1 

Example 14 

Synthesis of CFC215aa through chlorofluorination of propane by the vapor phase method (2): 

s First by the following method, FeC1 3 was carried on active carbon. 1.8 g of FeC1 3 ■ 6H 2 O was dissolved in 12 cc 

of ion-exchanged water, to which 6 g (14 cc) of active carbon was added. After allowing to stand overnight at room 
temperature, the water content was removed by an evaporator and it was then allowed to dry another night at 1 20°C. 

Then, active carbon carrying FeCl3 was fluorinated. The catalyst thus obtained was filled into a 20 mm diameter 
reaction tube made of Hastelloy C. The tube was heated from room temperature in an electric furnace, while passing 

w nitrogen and hydrogen fluoride, gradually up to the reaction temperature ( 400°C ). When the temperature was reached 
inside the system, the nitrogen was stopped, and when the temperature was stabilized, the chlorofluorination reaction 
was started. 

Through the reaction tube filled with 6 g of active carbon carrying the above FeC1 3 which had been fluorinated, 6 
cc/min of propane, 1 06 cc/min of hydrogen fluoride and 55 cc/min of chlorine were passed to effect the reaction at 400°C. 
75 The produced gas was washed with water, alkali, and the water solution of reducer, and then analyzed by gas chroma- 
tography. The results are shown in Table 7. 



Table 7 



Product 


Yield rate (%) 




Example 13 


Example 1 4 


CF 3 CCl2CF 2 CI 


40 


43 


CF 3 CCI 2 CFCl 2 
CF 3 CCI=CFCI 
CF 3 CCI=CCI 2 


45 


45 



30 Note that the by-products CF 3 CC1 2 CFC1 2 , CF 3 CC1 = CFC1 , and CF 3 CC1 = CC1 2 can be reused for manufac- 
turing the target product CF 3 CC1 2 CF 2 C1 . 

Example 15 

35 Synthesis of 2,3,3-trichloro-1 .1,1 -trifluoropropene through chlorofluorination of propane by the vapor phase method: 

First by the following method, CuC1 2 was carried on active carbon. 0.9 g of CuC1 2 was dissolved in 12 cc of ion- 
exchanged water, to which 6 g (1 4 cc) of active carbon was added. After allowing to stand overnight at room temperature, 
the water content was removed by an evaporator, and it was then allowed to dry another night at 120°C. 
40 Then, active carbon carrying CuCI 2 was fluorinated. The catalyst thus obtained was filled into a 20 mm diameter 
reaction tube made of Hastelloy C. The tube was heated from room temperature in an electric furnace, while passing 
nitrogen and hydrogen fluoride, gradually up to the reaction temperature ( 400°C ). When the temperature was reached 
inside the system, the nitrogen was stopped, and when the temperature was stabilized, the chlorofluorination reaction 
was started. 

45 Through the reaction tube filled with 6 g of active carbon carrying CuC1 2 which had been fluorinated, 6 cc/min of 

propane, 106 cc/min of hydrogen fluoride, and 55 cc/min of chlorine were passed to effect the reaction at 400°C. The 
produced gas was washed with water, alkali, and the water solution of reducer, and then analyzed by gas chromatography. 
The results are shown in Table 8 below. 



Table 8 



Product 


Yield rate (%) 


CF 3 CCI=CCI 2 


84 


CF3CCI2CFCI2 


2 



Note that the by-product CF 3 CC1 2 CFC1 2 is a compound which can be reused for manufacturing the target product 
CF 3 CC1 2 CF 2 C1. 
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Example 16 

Synthesis of HFC245fa through reduction of CFC2T5aa: 

5 When the 2,2,3-trichloro-1,1 t 1,3,3-pentafluoropropane obtained in Examples 4 to 15 was reduced with hydrogen in 

the same manner as described in Example 1, then 1,1,1,3,3-pentafluoropropane was obtained at the conversion yield 
and selectivity rates given in Example 1 . When the hydrogen reduction was performed in the same manner as described 
in Examples 2 and 3, the same results as in Examples 2 and 3 were obtained. 

The above results show that based on the methods of this invention, a starting substance, which can be obtained 

w at relatively low cost, can be used to produce 2,2,3-trichloro-1 ,1 ,1 ,3,3-pentafluoropropane with a high yield rate. Many 
of the generated by-products can be reused as raw materials for manufacturing 2,2,3-trichloro-1 ,1,1 ,3,3-pentafluoropro- 
pane. Furthermore, 1,1,1,3,3-pentafluoropropane can be efficiently and economically manufactured since 2,2,3- 
trichloro-1,1,1,3,3-pentafluoropropane can be efficiently reduced to 1,1,1,3,3-pentafluoropropane. 

15 Claims 

1. A method of producing 1,1,1,3,3-pentafluoropropane including a process in which 2,2 ,3-trichloro-1, 1 ,1 ,3,3-pen- 
tafluoropropane is allowed to react with not less than 4.5 equivalent parts of hydrogen to 2,2,3-trichloro-1 ,1 ,1 ,3,3- 
pentafluoropropane in the presence of a noble metal catalyst by the vapor phase method to be hydrogen -reduced. 

20 

2. The production method described in Claim 1, in which a catalyst selected from palladium, platinum and rhodium is 
used as the noble metal catalyst 

3. The production method described in Claim 2, in which 4.5 to 10 equivalent parts of hydrogen are used to 2,2,3- 
25 trichloro-1 ,1 ,1 ,3,3-pentafluoropropane. 

4. The production method described in Claim 2 or 3, in which a palladium catalyst is carried on a carrier composed of 
at least one of active carbon, alumina, silica gel, titanium oxide and zirconia. 

30 5. The production method described in Claim 4, in which the carrying concentration of the palladium catalyst on the 
carrier is 0.05% to 10% by weight 

6. The production method described in any of Claims 2 to 5, in which the reaction is effected at a temperature from 
100°Cto350°C. 

35 

7. A method of producing 1,1,1,3,3-pentafluoropropane including processes (1) and (2) as follows: 

(1 ) A process in which hexachloropropene is allowed to react with hydrogen fluoride and chlorine in the presence 
of chromium and/or aluminum catalyses) by the vapor phase method, or in the presence of an antimony catalyst 

40 by the liquid phase method to obtain 2,2,3-trichloro-1 ,1,1 ,3,3-pentafluoropropane. 

(2) A process in which this 2, 2, 3-trichloro- 1,1,1,3,3-pentafluoropropane is allowed to react with not less than 
4.5 equivalent parts of hydrogen to this 2,2,3-trichloro-1 ,1 ,1 ,3,3-pentafluoropropane in the presence of a noble 
metal catalyst by the vapor phase method to be hydrogen-reduced, obtaining 1 ,1,1 ,3,3-pentafluoropropane. 

45 8. A method of producing 1,1,1,3,3-pentafluoropropane including processes (1), (2) and (3) as follows: 

(1) A process in which hexachloropropene is allowed to react with hydrogen fluoride in the presence of an 
aluminum catalyst by the vapor phase method to obtain 2,3, 3-trichloro- 1 ,1 ,1-trifluoropropene. 

(2) A process in which this 2, 3, 3-trichloro- 1 ,1,1 -trif luoropropene is allowed to react with hydrogen fluoride and 
so chlorine in the presence of at least one metal catalyst selected from a group composed of chromium, iron, 

cobalt, zinc, copper and manganese by the vapor phase method, or in the presence of an antimony catalyst by 
the liquid phase method to obtain 2,2,3-trichloro-1 ,i,1,3,3-pentafluoropropane. 

(3) A process in which this 2,2,3-trichloro-1,1,1,3,3-pentafluoropropane is allowed to react with not less than 
4.5 equivalent parts of hydrogen to 2.2,3-trichloro-1 .1.1 ,3.3-pentaf luoropropane in the presence of a noble metal 

55 catalyst by the vapor phase method to be hydrogen-reduced, obtaining 1,1,1 ,3,3-pentafluoropropane. 

9. A method of producing 1,1,1,3,3-pentafluoropropane including processes (1) and (2) as follows: 
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(1) A process in which at least one of 2, 3, 3-trichloro-1, 1,1 -trif luoropropene, 1 ,2,3,3-tetrachloro-1,1-difluoropro- 
pene, and 1 , 1 ,2,3,3-pentachloro-1 -f luoropropene is allowed to react with hydrogen-fluoride and chlorine in the 
presence of at least one metal catalyst selected from a group composed of chromium, iron, cobalt, zinc, copper 
and manganese by the vapor phase method, or in the presence of an antimony catalyst by the liquid phase 
method to obtain 2,2 l 3-trichloro-1 l 1,1,3,3-pentafluoropropane. 

(2) A process in which this 2,2,3-trichloro-1,1,1.3,3-pentafluoropropane is allowed to react with not less than 
4.5 equivalent parts of hydrogen to 2,2,3-tri.chloro-1 ,1,1 ,3,3-pentaf luoropropane in the presence of a noble metal 
catalyst by the vapor phase method to be hydrogen-reduced, obtaining 1,1,1 ,3,3-pentaf luoropropane. 

1 0. A method of producing 1,1,1 ,3,3-pentaf luoropropane including processes (1 ) and (2) as follows: 

(1) A process in which at least one compound selected from a group composed of propane, propylene, and 
partially halogenated acyclic hydrocarbon having 3 carbons is allowed to react with hydrogen fluoride and chlo- 
rine in the presence of chromium and/or iron catalyst(s) by the vapor phase method to obtain 2,2,3-trichloro- 
1 , 1 , 1 ,3,3-pentaf luoropropane. 

(2) A process in which this 2,2, 3-trichl pro- 1 ,1,1 ,3,3-pentaf luoropropane is allowed to react with not less than 
4.5 equivalent parts of hydrogen to 2,2,3-trichloro-1 ,1 , 1 ,3,3-pentaf luoropropane in the presence of a noble metal 
catalyst by the vapor phase method to be hydrogen-reduced, obtaining 1,1,1 ,3,3-pentaf luoropropane. 

1 1 . A method of producing 1 ,1 ,1 ,3,3-pentaf luoropropane including processes (1), (2) and (3) as follows: 

(1) A process in which at least one compound selected from a group composed of propane, propylene, and 
partially halogenated acyclic hydrocarbon having 3 carbons is allowed to react with hydrogen fluoride and chlo- 
rine in the presence of at least one metal catalyst selected from a group composed of aluminum, copper, cobalt, 
zinc and manganese by the vapor phase method to obtain 2,3,3-trichloro-1 ,1,1 -trif luoropropene. 

(2) A process in which this 2.3, 3-trichloro-1 ,1 .1 -trif luoropropene is allowed to react with hydrogen fluoride and 
chlorine in the presence of at least one metal catalyst selected from a group composed of chromium, iron, 
cobalt, zinc, copper and manganese by the vapor phase method, or in the presence of an antimony catalyst by 
the liquid phase method to obtain 2,2,3-trichloro-1 ,1 ,1 ,3,3-pentaf luoropropane. 

(3) A process in which this 2, 2,3-trichloro-1,1.1,3,3-pentaf luoropropane is allowed to react with not less than 
4.5 equivalent parts of hydrogen to 2,2,3-trichIoro-1 ,1.1 ,3,3-pentaf luoropropane in the presence of a noble metal 
catalyst by the vapor phase method to be hydrogen-reduced, obtaining 1,1,1 ,3,3-pentaf luoropropane. 

12. A method of producing 2,2,3-trichloro-1,1,1,3,3-pentaf luoropropane including a process in which hexachloropro- 
pene is allowed to react with hydrogen fluoride and chlorine in the presence of chromium and/or aluminum catalyst(s) 
by the vapor phase method, or in the presence of an antimony catalyst by the liquid phase method. 

13. A method of producing 2,2,3-trichloro-1 1 1 , 1 ,3,3-pentaf luoropropane including processes (1) and (2) as follows: 

(1) A process in which hexachloropropene is allowed to react with hydrogen fluoride in the presence of an 
aluminum catalyst by the vapor phase method to obtain 2,3 f 3-trichloro-1 ,1 ,1 -trif luoropropene. 

(2) A process in which this 2, 3,3-trichloro- 1,1,1 -trif luoropropene is allowed to react with hydrogen fluoride and 
chlorine in the presence of at least one metal catalyst selected from a group composed of chromium, iron, 
cobalt, zinc, copper and manganese by the vapor phase method, or in the presence of an antimony catalyst by 
the liquid phase method to obtain 2, 2, 3-trichloro-1 ,1 ,1 ,3,3-pentaf luoropropane. 

14. A method of producing 2, 2, 3-trichloro- 1,1, 1,3, 3 -pentaf luoropropane including a process in which at least one of 
2,3,3-trichIoro-1,1 ,1 -trif luoropropene, 1 ,2,3, 3-tetrachloro-1 ,1-dif luoropropene, and 1,1 ,2,3,3-pentachloro-1-f luoro- 
propene is allowed to react with hydrogen fluoride and chlorine in the presence of at least one metal catalyst selected 
from a group composed of chromium, iron, cobalt, zinc, copper, and manganese by the vapor phase method, or in 
the presence of an antimony catalyst by the liquid phase method to obtain 2,2 P 3-trichloro-1 ,1 ,1 ,3,3-pentaf luoropro- 
pane. 

15. A method of producing 2,3,3-trichioro-1 ,1.1 -trif luoropropene including a process in which hexachloropropene is 
allowed to react with hydrogen fluoride in the presence of an aluminum catalyst by the vapor phase method. 

16. The. production method described in any of Claims 7, 8, 11, 12, 13, and 15. in which the catalyst is carried on a 
carrier at a concentration of not less than 0. 1 % by weight in the chlorof luorination or f luorination of hexachloropro- 
pene. 
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1 7. The production method described in any of Claims 7, 8, 11 , 1 2, 1 3 and 1 5 in which the catalyst is f luorinated prior 
to starting the reaction in the chlorof luorination or f luorination of hexachloropropene. 

18. The production method described in any of Claims 7, 8, 11, 12, 13 and 15, in which the mole ratio of hexachloro- 
5 propene to hydrogen fluoride is 1 : 1 to 1 : 100, and that of hexachloropropene to chlorine is 1 : 1 to 1 : 30 in the 

chloro -fluorination or f luorination of hexachloropropene. 

19. The production method described in any of Claims 7, 8, 1 1 , 12, 13 and 15, in which the chlorof luorination or fluor- 
ination reaction temperature of hexachloropropene is 50°C to 500°C. 

w 

20. The production method described in Claim 8 or 13, in which the catalyst is carried on a carrier at a concentration 
of 0.1% to 50% by weight in the chlorof luorination of 2,3,3-trichloro-1 ,1 , 1 -trif luoropropene. 

21. The production method described in Claim 8 or 13 in which the catalyst is f luorinated prior to starting the reaction 
is in the chlorof luorination of 2,3, 3-trichloro- 1,1,1 -trif luoropropene. 

22. The production method described in Claim 8 or 13, in which the mole ratio of 2,3, 3-trichloro- i ,1 ,1 -trif luoropropene 
to hydrogen fluoride is 1 : 1 to 1 : 50, and that of 2,3, 3-trichloro-1 ,1,1 -trif luoropropene to chlorine is 1 : 1 to 1 : 30 
in the chlorof luorination of 2, 3, 3-trichloro- 1,1,1 -trif luoropropene. 

20 

23. The production method described in Claim 8 or 13, in which the chlorine-f luorination reaction temperature of 2,3,3- 
trichloro-1 ,1,1 -trif luoropropene is 50°C to 500°C. 

24. The production method described in any of Claims 9 to 1 1 , and 14, in which the catalyst is carried on a carrier at a 
25 concentration of 0.1% to 50% by weight in the chlorof luorination of the starting substance. 

25. The production method described in any of Claims 9 to 1 1 . and 1 4, in which the catalyst is f luorinated prior to starting 
the reaction in the chlorof luorination of the starting substance. 

30 26. The production method described in Claim 9 or 14, in which the mole ratio of the starting substance to hydrogen 
fluoride is 1 : 1 to 1 : 50, and that of the starting substance to chlorine is 1 : 1 to 1 : 30 in the chlorine-f luorination 
of the starting substance. 

27. The production method described in any of Claims 9 to 1 1 and 1 4 in which the chlorof luorination reaction temperature 
35 of the starting substance is 50°C to 500°C. 

28. The production method described in Claim 10 or 1 1 , in which the mole ratio of the starting substance to hydrogen 
fluoride is 1 : 5 to 1 : 100, and that of the starting substance to chlorine is 1 : 5 to 1 : 30 in the chlorof luorination of 
the starting substance. 

40 

29. The production method described in Claim 11, in which 4.5 to 10 equivalent parts of hydrogen are used to 2,2.3- 
trichloro-1 ,1 ,1 ,3,3-pentaf luoropropane. 

30. The production method described in Claim 1 1 , in which the noble metal catalyst is carried on the carrier composed 
45 of at least one of active carbon, alumina, silica gel, titanium oxide and zirconia. 

31. The production method described in Claim 1 1, in which the carrying concentration of the noble metal catalyst on 
the carrier is 0.05% to 1 0% by weight. 

so 32. The production method described in Claim 1 1 , in which the reaction is performed in the temperature range from 
100°Cto350°C. 



55 
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